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RS: The most important generic product family
for RFMD today is modules I presume.
DH: That's correct, the majority  of our new
power amplifier (PA) products are module
based. The handset industry demands more
functionality within the PA module and
GaAs has a key role to play in this
integration, though GaAs is not the
only semiconductor technology
used in today’s modules. All of
the  GaAs for RFMD’s PAs is fabri-
cated in-house, whereas all of
our silicon is currently out-
sourced. We are still predomi-
nantly a GaAs company; however,
through our strategic relationship
with Jazz Semiconductor
we  have a guaran-
teed source of supply for
silicon manufacturing
and develop-
ment. Our
broad tech-
nology base
also includes
GaAs MES-
FET, and
pHEMT, Si
Bipolar, CMOS and BiCMOS; SiGe BiCMOS and
InGaP HBT.  We also have an effort in another
upcoming material system gallium nitride which
will be used in the base station market, due to
its ability to operate at extremely high voltages. 
RS:The threat of silicon is on everyone's mind.
How real do you think it is and where will GaAs
continue to fit in?
DH: One of our core strength is Optimum
Technology Matching strategy which gives us
the ability to match the appropriate process
and device technologies to each product
according to the best possible combination of
price and performance. Basically our philoso-
phy is to use whatever technology is neces-
sary in order to stay competitive. For example,
our Polaris Total Radio chip-set is BiCMOS
based, with a PA that is GaAs HBT based. Our
PowerStar PA modules are manufactured
using GaAs HBT for the power amplifier and
silicon CMOS for the integrated power control
circuitry.  AlGaAs/GaAs HBTs remain the domi-
nant semiconductor material used for the PA
function. This does not mean that we are
ignoring the potential insertion of Si into our
existing or future PA slot. We have current
R&D activities looking at Si-based PAs. If Si
based PA performance indicates a competitive
edge can be maintained by using them in a PA
module, then they will be designed into a PA
module.
RS: RFMD is still the champion of AlGaAs even
though InGaP is said by some to be the way
ahead?
DH: RFMD continues to fully explore all of the
possibilities of AlGaAs/GaAs HBT. Today most
of our PA products are so based, and this has
been true since ‘91 when we worked with TRW.
We have no quaternary-based commercial offer-
ings yet. We do however have a fully qualified
InGaP/GaAs HBT process. If we see a perform-
ance based need to move to a new material 
system, that transition will be made.
Meanwhile work is ongoing to further advance
the performance of our AlGaAs/GaAs HBT
devices. Using our AlGaAs/GaAs technology we
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the RFMD view of III-Vs.
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The two main issues
with InP are: “cost and a
breakdown voltage that
is somewhat lower than
GaAs.  Again, when
these are addressed
properly, they will be
inserted in the design-
er’s device cupboard for
potential use in the
design of handset PAs”
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have become a world leading supplier of PAs
for wireless handset and we intend to remain
highly competitive with our AlGaAs technology
as we bring on alternative technologies. We see
applications where InGaP HBT is superior, oth-
ers where AlGaAs is superior, so we’ll optimise
the technology to the application. 
As regards InP based HBT, InP offers some defi-
nite potential benefits from the device physics
viewpoint. These include lower knee voltage for
a given current density. This means a longer
talk time, as the current draw will be lower.
Secondly, the maximum frequency of operation
is also higher, so the corresponding gain
should also be higher. This could potentially
allow the use of a one less stage in a multi-
stage amplifier and would also increase the net
PA efficiency. Third, the thermal conductivity of
InP is higher than GaAs and the PA would oper-
ate at a lower temperature for a given current
density. This should allow a device to operate
at a higher current density and thus the die
size could be reduced. Finally, the turn on volt-
age of an InP device is lower than GaAs based
and therefore the design of bias networks for a
PA would be simpler. However there are some
issues with the current flavour of InP . The two
main ones are cost and a breakdown voltage
that is somewhat lower than GaAs. Again, when
these are addressed properly, they
will be inserted in the  designer’s
device cupboard for potential use
in the design of handset PAs.
RS: Where would you say the hand-
set and III-V business is heading?
DH: From all I’ve read it still
appears to be expanding, which is
fantastic news. I think that GaAs
based devices will remain the lead-
ing candidate for the PA function
for the foreseeable future. This is especially
true for HBT used in the final stage of the PA,
while switch functions will probably continue
to be performed by pHEMTs. These devices
should be around in modules for some time to
come. There is no one technology that appears
to be an all-round best option.
One of the overlooked issues that should
come up when having this sort of discussion
is thermal management. Handset makers and
component manufacturers are always trying to
beat the heat dissipation of the PA. High heat
dissipation will remain a factor as we continue
to see trends such as PA modules with
advanced functionality and a corresponding
decrease in module volume and footprint. At
the same time, handset manu-
facturers are increasingly
demanding modules that pro-
duce less heat. This means
that component manufactur-
ers must be able to provide
semiconductor components
that offer higher charge effi-
ciency, especially in PAs,
because they tend to draw a
lot of current and thus pro-
duce heat and discharge the
battery. There III-V based HBTs
should continue to have an advantage in the
commercial handset PA market. 
A  key parallel technology development has
been in the laminate packaging. In an era of
more and more integration it was indeed a
fortuitous decision going to laminate. It is
practical from several viewpoints - one being
that the temperature coefficient is the same
as that of the phone boards. This means it is
not an issue during shock test and you get no
‘popping off’ of chips. We also look at it as
being the best platform for integration of
functions.
Crystal Gazing
www.three-fives.com 47
I think that GaAs
based devices will
remain the lead-
ing candidate for
the PA function
for the foresee-
able future.
The RFMD 3146 LFM (Lead Frame Module)
pp46-47.qxd  01/04/2004  12:16  Page 47
